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Effect of Diamine Bridges Using L-lysine in Glutaraldehyde Treated Porcine Pericardium

Kwan-Chang Kim, M.D.*, Yun-Kyung Choi, M.D.*, Soo-Hwan Kim**, Yong-Jin Kim, M.D.**

Background: Various studies and experimental trials have been done to develop bioprosthetic devicies to treat
complex congenital heart disease due to the limited usage of homograft tissue. The purpose of the present study
was to evaluate the effect of diamine bridges with using L-lysine, as compared with using ethanol. Material and
Method: Porcine pericardium was fixed at 0.625% GA (commercial fixation). An interim step of ethanol (80%; 1
~day at room temperature) or L-lysine (0.1 M; 2 days at 37°C) was followed by completion of the GA fixation (2
days at 4°C and 7 days at room temperature). The tensile strength and thickness of the porcine percardium were
measured, respectively. The treated pericardiums were implanted subcutaneously into three-week old Long-Evans
rats for 8 weeks. The calcium content of the implants was assessed by atomic absorption spectroscopy and the
histology. Result: Ethanol pretreatment (13.6£10.0 ug/mg, p=0.008), L-lysine pretreatment (15.3i1.0‘ug/mg, p=0.002),
and both treatment (16.1£11.1 ug/mg, p=0.012) significantly inhibited calcification, as compared with the controls
(61.248.5 ug/mg). L-lysine pretreatment (0.18+0.02 mm, 1.20£0.30 kg f/5 mm) significantly increased the thickness
and tensile strength, as compared with ethanol pretreatment (0.13£0.03 mm, 0.85£0.36 1.0 kg f/5 mm) (p<0.01,
p=0.035). Conclusion: The diamine bridges using L-lysine seemed to decrease the calcification of porcine pericar-

dium fixed with glutaraldehyde, and this was comparable with Ethanol. Additionally, it seemed to enhance the thick-
ness and tensile strength.

(Korean J Thorac Cardiovasc Surg 2009;42:157-164)
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213 (Composite  xeno-
graft) 32 49| A3 (bovine pericardium)g AH-E3F o]F
o|AH 2 Wol Adste] gort ol AP YSTE 433}
7t el Agso] 27] =3 AANZ ojojAx rk B
A ETAAE FF ol AH| nld| o]F o]AH Hut®
Ho] EF AL AR Qg =7] Augo] wre
A& Hasti Aeh1-3]. ol#3d HollA W 5% o4
H(cryopreserved homograft) FHetE o] A3 E} odgbe
A71E TFa7] oY FFYE YA Yol Aol o)
5 AlgH o]t

opebA] o] F 27 9] 433t HLX]% A 2 714
o] #glo] desiet AFGAA g AFES LU =R
Adat At glutaraldehyde®] aldehyde”](—CHO)7F A
el Zgat dhgsle] 435yt doules F Yle] Hx
ek Adstod[4,5], o] aldehyde”]o] ZAFH-LAE w2l
amino acid®} Al A (diamine bridge) A3 AtslE= A
< "ol Sy A3oE YA A ARl HE
L-lysines o] &3+ 433t A7t ksl 2 Folrt
[6]. Ethanol< 22 U] <144 (phospholipids)& Al
oo A9 5 FAEAA GFAQ HIE 2l
of 4318 a7t Q2 Aes FEA o8]

B oAFoflAE A% 28719 ~30719)e A
0.29+0.06 mm)ol| V|3l =\A)(AF 30 ~ 4Ny A

0.130.05 mm)o| ZolskAtol Al Algabis Ao] LolehT[]
HA Aol gk gA413]3F A7) EAfsichs el 2t
A =R AldE 0.625% GAOl 32A” = 80% Ethanol,
L-lysine®. 2 3+43]3} Aelsld i, o] & #< 3]st z2
o] Astod X33}t AAE dolRaz} sloch wet Ay
3ot A 71 A- <9 3 (mechanical failure) = ©]Z0]A)
HAH FAV) EAH A Fo% Ader &
HA gemg(10,11], 27t A Ade] AL, AE e
o] 4] Aol 2433t

A Mre R
13 0.6% GA
23 0.6% GA-+80% Ethanol
37 0.6% GA+L-lysine
47" 0.6% GA+80% Ethanol +L-lysine

3) 0|&0]4 EEH 1A

2] 238 0.625% glutaraldehyde (PBS buffer, pH 7.4)
ol @7} 4°CollA] 297k 2Ad ¥, A2ollA 797 7t
2 3434 3] v A VMR AZ 15 em A2
718] AGHER prolA o o] e Ax|7t ek ¢

o ANES PBS §U0 R 44 2447 Fok AlA
& 3, AollA olAlghet. 2714 438 A7} B
$ AHEES vhE gL Az Ned

4) Ethanol &R X|

0.6% glutaraldehyde 328 A2l & vhd AYAEE 80%
ethanol (PBS buffer, pH 7.4)0] ©7! shaker bathol] Ho] 4
ZollA 24A17F B}t Heldhel o o] AX|7b HQs

BS §Ho g oA 24417k 54t
o] A gk},

1O HEO
X] ?-sT_‘ @v%‘ée‘f

AAEE F, FolAl
5) L-lysine ®X X|

0.6% glutaraldehyde 1% * 2|1} 427} Ethanol X2l & v}
A AGHAES PBS $Ho g AH3 X 01 M Llysine
solution (acetic acid buffer, 0.5 M, pH 7.6)oll &7} 37°Col| 4]
48417+ E<F Azt o] PBS solutiono.Z ol 4]
24417k F9t AlAEE 3, F oA o)A wi7bA] 4°Ce] PBS
Lol Bt}

6) Purpald AL S, FHAAL

7t 109 AGHES FolAl o] 4etAl gka #o
gl AP o 2 uAF2E BAE ) Lysine 22 glu-
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taraldehyde detoxification X 2l& ¥ AldHo||A] detoxifica-
tiono] HA3] o]Fofsl=A FolH 7] Y&l aldehyde resi-
due evaluationg 13t HAE et o] & $leiA] AdH S
saline® & A3k & 0,171 M Purpald in 1 M NaOH sol-
ution®l] 1587} soakingdlt ¥ 7] Fol] =27 AdH 9
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Fo] HEH Awsloivy Ao Z4E Japan Tech&
Manufacture, Digital Force Gauge, Model 5 FGN, automated
materials testing system& ©]-§- load speed 100 mm/minZ
ZAslo] 9= kg ES mmE E7sFI e}, wek Aol
FA% Aeste] $AS 1] Slete] ez Mitutoyo
Thickness Gauge (Digimatic 543-122-15, Mitutoyo, Japan)®
FEEY AR & B R ofe] W FAol ZAe}g]

& O 3%
ot

7 7 014 B

%831 =™, Thiopental (300 mg/kg IP)FE & n}
o} o] 4] Aol HHEHE pouchE HbElsle] AGHES
et Al zHzkel AsHES 358ete] At
Al A-gslA ot

Zoletil (0.2 cc IP), Rompun (0.1 cc IP)O. 2 #HE v} 3k
e 5 29 Sazdd 4Rl pouchd THE ¥, A7)
pouchel] 919 W) Heleh AEES ool o] A
T AAE S A o)A ¥ 83U Avd AEe

o
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8) Vonkossa &4

F Al A AN AEE ¢S 2~3 mm 571
z2 0 & Ae}l Dubosqe-brasil &Ml 147+ Yol F9lchr}
10% e $ag3t & deld Fujz4 & qt5o] 2

juj

7 kel Aldwe] Asist g dolRy] S e

2
AL AU o|F N4 RS A A
HE 3 2447k o] 4 freeze dryer (Labconco, U.S.A.)ollA]
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Diamine Bridges Using L-lysine

WE AZAY F 47 249 FAE A% 2 mL
Effendorf tubeel]l Hol 6 N HCl £ 1 mL& *7lstu
60°C warm incubator (H]&#}3hollA] 7h&shy 94 &3
2 owi7kAl 2447 ol ZidkEleh o] =z gl
Lanthanum (Sigma Co., U.S.A) 2H(5% Lanthanum, 3 N
HODE H7bstel B5 2 mL7h ¥5% EE & EE
7t #9(n 0.5% Lanthanum, 0.6 N HCD)< ©]|-& atomic
absorption spectrophotometer (Perkin-Elmer, U.S.A)ZE Z<f
= A% g

10) SH 2

FAIX 8l = Microsoft excel?} SPSS 14.0 K& A-&3}9
L, BE SAFA s AR Ed1RZ Ak 7
7+e] FA] ¥]iE Student T-testZ AFsFd s zZ- - 7+
9] EA1H Aol ANOVA = post-hoc test (Turkey test) =
Asetlem p<005E vl gle Aeg 7hgd

N

1) Tensile strength test

0.625% glutaraldehyde 3178 9-ol| L-lysine 2|3t o] 1.20+
0.30 kg Z/5 mmZ 7H 7o 0.625% glutaraldehyde 17
Zol] 80% Ethanol#} L-lysine 5.5 X213+ - 0.90£0.22 kg /5
mm, 0.625% glutaraldehyde % Zoll 80% Bthanol *j2]3t
o] 0.85:0.36 kg%/5 mm, 0.625% glutaraldehyde TAHF A| 2%t
0] 0.530.34 kg /5 mmE 7 2Rk 72F FRE7bell SA
Aoz e’k Zol7t 3lrkp=0.035)(Fig. 1).

2) Thickness

0.625% glutaraldehyde 313 3-oll L-lysine 2|3k o)
0.18+0.02 mmZ 7} FAH L™, 0.625% glutaraldehyde
314 %ol 80% Ethanol A 2|3k -] 0.13+0.03 mm, 0.625%
glutaraldehyde L% 3-ol] 80% Ethanol¥} L-lysine 5 2|
gk o] 0.12+0.01 mm, 0.625% glutaraldehyde LAY+ AJ2hsh
Tol 27k 0102002 mm 71 2kgke). ZF FE 7ol £
Mo Fogt xo|7k thp <001 (Fig. 2).

3) Purpald ZA}
Al Ad-E 0.625% glutaraldehyde 3274 3Fof] L-lysine
Helek 3} 0.625% glutaraldehyde 2274 3ol 80% Ethanol

3} L-lysine 2|3t oA ofgt BHab S wgl 0.625%
glutaraldehyde 1A% A|3§dt 73} 0.625% glutaraldehyde
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Tensile strength test

1.2 4 Group 3
£

© 0.8 Group 2 Group 4
2

Group 1

Group

Fig. 1. The tensile strength of porcine pericardium after Group 1)
glutaraldehyde (0.625%) fixation, Group 2) glutaraldehyde (0.625%)
fixation+ethanol (80%) treatment, Group 3) glutaraldehyde (0.625%)
fixation+L-lysine treatment, Group 4) glutaraldehyde (0.625%) fixation
~+ethanol (80%) treatment +L-lysinetreatment. The tensile strength of
porcine pericardium showed a statistically significant difference be-
tween groups (p=0.035).

37 Foll 80% Ethanol A gldt FollA 7} et Kl
< 99l rhFig. 3).

4) Vonkossa stain

(elastic fibers), 417, @HE, J=ZAE
ot Az F&2
= 1441 *J”‘*}Jl Aaick.

o

]x{ Zhgro] A% 5 o] ‘9} ] 0.625% glutaraldehyde i

% Foll 80% Ethanol 2|3t -, 0.625% glutaraldehyde I

7§ %ol L-lysine A28 , 0.625% glutaraldehyde 4 3

ol] 80% Ethanol¥} L-lysine | 2]3F & A Z=o] vz &

FAEHA F2 AL Az ol g HAxto] #
2] o ch(Fig. 4).

5) Calcium & 2F

HA] AdE 0.625% glutaraldehyde 314 3ol] 80% Ethanol
A2 Fol 13.6£10.0 ugmgSE 713 AT 0.625% glu-
taraldehyde 3173 %ol L-lysine H2l3F Fo] 153£1.0

Thickness
0.25 1
0.2 1
i Group 3
0.15
£ Group 2
S % Group 4
0.1 Group 1
0.05
0 ]
Group

Fig. 2. The thickness of porcine pericardium after Group 1) gluta-
raldehyde (0.625%) fixation, Group 2) glutaraldehyde (0.625%) fix-
ation +ethanol (80%) treatment, Group 3) glutaraldehyde (0.625%)
fixation +L-lysine treatment, Group 4) glutaraldehyde (0.625%) fix-
ation +ethanol (80%) treatment+L-lysine treatment. The thickness
of porcine pericardium showed a statistically significant difference
between groups (p<<0.01).

1 2 3 4

Fig. 3. Porcine pericardium with Purpald test after 1) glutaralde-
hyde (0.625%) fixation, 2) glutaraldehyde (0.625%) fixation+etha-
nol (80%) treatment, 3) glutaraldehyde (0.625%) fixation+L-lysine
treatment, 4) glutaraldehyde (0.625%) fixation +ethanol (80%) treat-
ment-+L-lysine treatment.

ug/mg, 0.625% glutaraldehyde i3 %ol 80% Ethanol¥
L-lysine *2|&t o] 16.1+11.1 ug/mg, 0.625% glutaral-
dehyde 2ARF A3k o] 51.2+8.5 ug/mg®E M4 U9k
=3

0.625% glutaraldehyde Q% A|3g 3} Bv]zsle]
0.625% glutaraldehyde 37 3-of] 80% Ethanol *2|gt T
(p=0.008)7}, 0.625% glutaraldehyde 317 %ol L-lysine * 2]
3 F(p=0.002), eI 0.625% glutaraldehyde 3 3ol
80% Ethanol# L-lysine 2|3t F(p=0.012) EAF &
ofu) A Zhge] ko] Al ch(Fig. 5).
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Fig. 4. Harvested porcine pericardium with Vonkossa staining after (A) glutaraidehyde (0.625%) fixation, (B) glutaraldehyde (0.625%) fixation
+ethanol (80%) ftreatment, (C) glutaraldehyde (0.625%) fixation +L-lysine treatment, (D) glutaraldehyde (0.625%) fixation +ethanol (80%)
treatment +L-lysine treatment.
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Calcium analysis
70 -
60 -
50 - }Group 1
)
£ 404
D
2
o 30
O
20
Group 2 £Group 3 Group 4
10 4
0 )
Group
Group 1 Group 2 Group 3 Group 4
Ca(ug/mg)| 51.248.5 | 13.6%10.0 | 15.3x1.0 | 16.1£11.1
p-value 0.008 0.002 0.012

Fig. 5. [3]Calcium analysis of harvested porcine pericardium after
Group 1) glutaraldehyde (0.625%) fixation, Group 2) glutaraldehyde
(0.625%) fixation+ethanol (80%) treatment, Group 3) glutaraldehyde
(0.625%) fixation+L-lysine treatment, Group 4)[4] glutaraldehyde
(0.625%) fixation +ethancl (80%) treatment+L-lysine treatment.

dle ™ 3 G2 22 A5 At g4 LAL B
g A A71E Aol A At AR S 9%
T3] 482 19649 Kirklin Sofl 9Jslo] 28 A %59
o, o] & Ross G+ 19661 &F e o]4HE o] &
sto] digd Bl Al g A3sls FEE AFeh)

=
WE A, ABARAHILT, EF o
Aoz AL olz)dt B3 sotolAl H &Y el
1A mefellob & A&l qdut. WA, oG =
FR Lo} slat|A] Agn g 3ate] Aabe] wE
) Yol LAY slel, ol A9 A5 o2
b AFES A7) WED E A YT 2
Ao WA ST A5 59 94

L
N

_9. & noox it ¢ ¢S ki orlo ¥
=
%
0

"(l"e"a‘ *}%01]74] 751%’471 40}04 vhekat
Woghzlol A AXA ==, oleigt HANA He
IR oA 7HA AEo] AFre] Tl uhEt E3e] ¥

Dacron 5.3el] 4+
Mz He]e AF%7} 53.3%%2, Carpentier Edward =
B2 60.1%% R 53 v} Shelhigh £33 A-$, 2 E
719 Efol|A 59 Fte A I A3 25% o4
ANFEEs B3 39 E3] 16 mm 2719 A9 594
AFEgo] 5592 B HArH19].

o|#] 3l o]& =FA HAHEL glutaraldechyde (GA)ol] 3L
A BEslE We] dubF e R o]dHI gledl, ole
z2 9 FAAFES] GAY A H cross-linkd o] F
GA polymerE ol gFAsl= A& o] &3 AojAul, o]
GA9] A4 aldehyde”](—CHO)7} Z3 sl Aol
A3)3ke] F e g A7tE L glof4,5] ©] aldehyde”] 2]
ZAEF-9E v)e] amino acid®} 7 A1 (diamine bridge) Z+
w3 Al AE ot FoFH A33E WAsaLzr
AESHYL A Liysined o 3 F4N3} Q77
3] F3Y Zo]t}6]. EthanolS 2% U] 2lA]4 (phospholip-
& AP FebAlel 2719 48 BEAA AT
WeE zoksto] AR T} i Ao E LA 9
cH8]. £ Aol A& 0625% glutaraldehyde 183 =X
A& 80% Ethanol, L-lysine 2. 2 3}43]3} el & g &
2749 o) o4 WS TAS AHE AT w
ol & F 9 FsfzA | o]Aste] 1 ATHE Yo}l Hokrh
Ethanol, L-lysine, 28| 3 Ethanol¥} L-lysines = X2]g
Tl AR GA ZARE A|g3t ol nl3] BAIH R §9
A Zrsg el JZo] AAInt Al F3bellE Kbol7t glRd
o} B od oA+ 0.1 M Llysines A&t =d] o] 55
= &£ A 52 HAY e R sk v o
FolA) FzeSE. F28NE ~ 30748 sl
7} 0.29+0.06 mmE HA (A ML ~a0Y) Ade FA
0.13£0.05 mmell ulef 20 o]Fo]BE[9] o|E st
AR} Llysine®] 55 2A3chH Ethanolit A eldt +
3 Zpol7t i ¢ Y Aolrh o4 A AR FALL A
H AN A= L-lysines X 2|3+ F-0] Ethanol X2l 3k ol
Hlg] €& AE By o]v F7}E 9 Diamine bridge
9] AYE Crossllink’} Holyt Aoz A=) &
Purpald test 72 3}oll4 = Ethanolit A e|3t 7 GA L4t
AlgE 3 vl 23k 1gF Balg wl vha, LelysineRt 4
gls}Av Ethanol?t L-lysine =78 X eldt & <3t B
ghAl& ik o) Llysine X2l & &3 AIH o2 GA

4m
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g =ls™ #t J2 3 P4 T Bt odg] A4 A7 ¢4 XEF st o
°k°i T ALY B ALEHG A AAel S8 WEEE o4 H (cryopre-
served homograft)e] <] AlgFe 2 o] & At o]F =] o|AH e A3t A& 9% AFHAQ
719l o] Hadjrl E oAM= L-lysines o] &3 diamine bridge®] &A1t A&
Ethanol¥} |52l Yo} Bz}t slgich iy X H: 0625% glutaraldehyde (4°CollA] 29, AH-&dl|
Al 797h 1A% A4S 80% Ethanol (-2oll4 1), 32 0.1 M L-lysine (37°Cell4] 29)&
A & & Z+7ke] F(thickness)2} %3 (tensile strength)—c" *7%’3‘]—9,114. 77+ e) A3t A2t =)
AN AF 37H F 9] gtz o|Aela 8 H AwS Awsla 2ANH £A4E I
v} Zik 0.625% glutaraldehyde S18YF AlSfel 7(51.248.5 ug/mg)¥ wlaste] 0.625% glu-
taraldehyde 318 ¥oll 80% Ethanol * 2|8+ T(13.6+10.0 ug/mg, p=0.008)3}, 0.625% glutaraldehyde
24 Fol L-lysine 2|3t (15.3+1.0 ug/mg, p=0.002), L2|3L 0.625% glutaraldehyde 3 3ol
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